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(54) BELT FOR CONTINUOUSLY VARIABLE TRANSMISSION 

(57) A belt for continuously variable transmission 
comprising a metal element (32) having a locking edge 
(40) between a principal plane (38) and an inclined 
plane (41) on the front side of the metal element in the 
forward running direction and a ring slot (35), to which a 
metal ring assembly (31) is press-fitted, between a main 
body part (34) and an ear part (36), wherein the proper 
range of the gravity center position of the metal element 
(32) is specified correctly so that a Vr < Vg < Vs is 
established where the speed of the locking edge (40) at 
an instantaneous time that the metal element (32) is 
moved away from a driven pulley is Vr, the speed of the 
gravity center (G) of the metal element (32) is Vg, and 
the speed of the ring slot (35) at the radial outermost 
end (35^ is Vs, whereby the metal element (32) located 
at a chord part between the driven pulley and a drive 
pulley is prevented from being tilted and thus brought in 
mesh smoothly with the drive pulley. 
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D scription 

FIELD OF THE INVENTION 

5 [0001] The present invention relates to a belt for a continuously variable transmission, including a large number of 
metal elements supported on metal ring assemblies each of which is comprised of a plurality of endless metal rings 
laminated one on another. 

BACKGROUND ART 

w 

[0002] As shown in Figs.2 and 3, a pair of main surfaces 38 and 39 extending perpendicular to a direction of move- 
ment and parallel to each other are provided on front and rear sides of a metal element 32 in the direction of movement, 
and a slope 41 is formed radially inside the main surface 38 on the front side in the direction of movement so as to be 
continuous with the latter. A pair of adjacent ones of the metal elements 32 can be pitched relative to each other around 
15 a rocking edge 40 extending between the main surface 38 and the slope 41. Therefore, as shown in Fig.4, when the 
metal elements 32 are moved from a drive pulley 6 to a driven pulley 1 1 , the main surfaces 38 and 39 of the adjacent 
ones of the metal elements 32 are placed in abutment against each other to transmit a driving force. When the metal 
elements 32 are in a state wound around the drive pulley 6 or the driven pulley 1 1 , the interference of the metal ele- 
ments 32 with each other can be avoided by the pitching around the rocking edge 40. 
20 [0003] The metal elements 32 of the belt for the continuously variable transmission perform a rectilinear translating 
movement in a chord portion of the belt between the drive pulley 6 and the driven pulley 11 and hence, the moving 
speeds of various portions of the metal element 32 are the same as one another. However, in a state in which the metal 
elements 32 are wound around the drive pulley 6 and the driven pulley 11, the metal elements 32 perform a rotating 
movement about rotational axes of the drive pulley 6 and the driven pulley 1 1 and hence, the moving speed of a radially 
25 outer portion of the metal element 32 is larger than that of a radially inner portion of the metal element 32. 

[0004] At this time, the metal elements 32 wound around the pulleys 6 and 1 1 are brought into abutment against 
each other at the rocking edge 40. Therefore, the speed of the rocking edge 40 of each of the metal elements 32 wound 
around the pulleys 6 and 1 1 (the pitch circular speed) is equal to the speed of the various portions of the metal elements 
32 performing the rectilinear translating movement in the chord portion. Namely, the speed of the rocking edge 40 of 
30 the metal elements 32 at belt portions wound around the pulleys 6 and 1 1 and the speed of the rocking edge 40 of the 
metal elements 32 at belt portions which are not wound around the pulleys 6 and 11 (i.e., the chord portion), are the 
same as each other. Therefore, in the state in which the metal elements 32 are wound around the pulleys 6 and 1 1 , the 
speed of the radially outer portion of the metal element 32 than the rocking edge 40 is larger than the speed of the rock- 
ing edge 40, and the speed of the radially inner portion of the metal element 32 than the rocking edge 40 is smaller than 
35 the speed of the rocking edge 40. 

[0005] Now, when the metal elements 32 lie in the chord portion between the drive pulley 6 and the driven pulley 
1 1 to transmit the driving force, the main surfaces 38 and 39 of adjacent ones of the metal elements 32 are brought into 
close contact with each other and thus are prevented from being inclined. However, when the metal elements 32 lie in 
the chord portion between the driven pulley 11 and the drive pulley 6 to transmit no driving force, a small gap is pro- 
40 duced between the adjacent ones of the metal elements 32 and hence, in a portion A in Fig. 4, the metal elements 32 
may be meshed with the drive pulley 6 while remaining inclined in the direction of movement (with the pitching remain- 
ing occurred) in some cases. If the metal elements 32 are meshed with the drive pulley 6 while remaining inclined in the 
direction of movement, a movement for dissolving the pitching of the metal elements 32 and compacting the gap 
between the metal elements occurs in the chord portion near an outlet of the drive pulley 6 for resisting against an urg- 
45 ing force acting between the elements and hence, the following problems arise: the wearing of the metal elements 32 
and the pulley 6 is increased, and the power transmitting efficiency is reduced. 

[0006] Therefore, a belt for a continuously variable transmission described in Japanese Patent Application Laid- 
open No.2-225840 is designed so that the center of gravity G of the metal element 32 is located in the vicinity of the 
rocking edge 40 or radially outside the rocking edge 40, thereby preventing a gap from being produced between the 
so metal elements 32 in the chord portion between the driven pulley 1 1 and the drive pulley 6, so that the metal elements 
32 in close contact with one another are smoothly meshed with the drive pulley 6. 

[0007] More specifically, the speed of the center of gravity G of the metal elements 32 in the chord portion between 
the pulleys 6 and 1 1 is equal to the pitch circular speed, but the speed of the center of gravity G of the metal elements 
32 wound around the pulleys 6 and 1 1 is larger than the pitch circular speed, if the center of gravity G lies radially out- 
>5 side the rocking edge 40. In other words, the kinetic energy of the metal elements 32 leaving the driven pulley 11 is 
larger than the kinetic energy of the metal elements 32 lying in the chord portion. The metal elements 32 lying in the 
chord portion are urged forwards (toward the drive pulley 6) by a difference between the kinetic energies and are 
smoothly meshed with the drive pulley 6 in a state placed in close contact with one another. 
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[0008] In the prior art described above, the center of gravity G of the metal element 32 is allowed to lie radially 
inside the rocking edge 40 even at a distance of 0.5 mm from the latter. However, if the center of gravity G lies radially 
inside the rocking edge 40, the kinetic energy of the metal element 32 leaving the driven pulley 11 becomes smaller 
than that of a metal element 32 lying in the chord portion and hence, the metal elements 32 lying in the chord portion 
5 cannot be meshed with the drive pulley 6 without being pitched in a state placed in close contact with one another. 
Therefore, it is required that the center of gravity G of the metal element 32 should lie radially outside the rocking edge 
40. In other words, it is required that a relation Vr < Vg should be established when Vr represents a speed of the rocking 
edge 40 at an instant when the metal element 32 leaves the driven pulley 11, and Vg represents a speed of the center 
of gravity G of the metal element 32. 

w [0009] Additionally, if the center of gravity G of the metal element 32 moves radially outside too away from the rock- 
ing edge 40, the kinetic energy of the metal elements 32 which have left the driven pulley 11 becomes excessive and 
the metal elements 32 rotate so as to fall forwards, as shown in Fig.10. As a result, the energy is expended by the inter- 
ference between a metal ring assembly 31 and a lower portion of an ear portion 36, or by the interference of coupling, 
thereby resulting in loss of a force for delivering the metal elements 32 forwards. Therefore, there is a possibility that the 

is metal elements 32 could not be meshed with the drive pulley 6 in the state free of the pitching. 

DISCLOSURE OF THE INVENTION 

[0010] The present invention has been accomplished with the above circumstances in view, and it is an object of 
z 20 the present invention to ensure that the center of gravity of the metal elements is defined correctly in a proper range, 
whereby the metal elements lying in the chord portion are meshed with the drive pulley in the state free of the pitching. 
[0011] To achieve the above object, according to the present invention, there is provided a belt for a continuously 
variable transmission, comprising a large number of metal elements supported on metal ring assemblies each of which 
is comprised of a plurality of endless metal rings laminated one on another, the belt being wound around a drive pulley 
25 and a driven pulley to transmit a driving force between both of the pulleys, characterized in that the metal elements 
include ring slots for supporting the metal ring assemblies, and are pitchably in abutment against one another, with a 
rocking edge interposed therebetween, and the following relation is established: 

Vr < Vg < Vs 

30 

wherein Vr represents a speed of the rocking edge at an instant when the metal element leaves the driven pulley; Vg 
represents a speed of the center of gravity of the metal element; and Vs represents a speed of a radially outer end of 
the ring slot. 

[0012] With the above arrangement, the speed Vg of the center of gravity of the metal elements is set larger than 
35 the speed Vr of the rocking edge at an instant when the metal elements leave the driven pulley. Therefore, the metal 
elements leaving the driven pulley have a kinetic energy larger than the metal elements lying in the chord portion, 
whereby the metal elements lying in the chord portion can forcibly be urged forwards and meshed with the drive pulley 
in a state placed in close contact with one another without being pitched, in addition, the speed Vg of the center of grav- 
ity of the metal elements is set smaller than the speed Vs of the radially outer end of the ring slot. Therefore, it can be 
40 avoided previously that the metal elements leaving the driven pulley are fallen down in a direction of movement with an 
excessive kinetic energy, whereby the metal elements lying in the chord portion can be smoothly brought into close con- 
tact with one another and meshed with the drive pulley without being pitched. 

[0013] In addition to the above arrangement, there is provided a belt for a continuously variable transmission, 
wherein a relation, Vr < Vk < Vg < Vs is established when Vk represents the speed of a radially inner end of the ring 
45 slot of the metal element. 

[0014] With the above arrangement, when an action for compacting a gap between the metal elements occurs at 
the chord portion extending from the driven pulley toward the drive pulley, a pitching moment acting on the metal ele- 
ments can be reduced to enable the metal elements to be smoothly brought into close contact with one another. 

50 BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] 

Figs.1 to 9 show an embodiment of the present invention. Fig. 1 is a skeleton illustration of a power transmitting 
55 system in a vehicle having a continuously variable transmission mounted thereon; Fig.2 is a perspective view of a 
metal belt section; Fig.3 is a view taken in the direction of an arrow 3 in Fig.2; Fig.4 is a view of a metal belt wound 
around a drive pulley and a driven pulley; Rg.5 is a view for explaining a technique for regulating the center of grav- 
ity of a metal element; Fig. 6 is a view for explaining a relation, Vr < Vk < Vg < Vs, corresponding to Fig.3; Fig.7 is 
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a view showing a dimension of each portion of the metal element; Fig.8 is a view showing each region of the metal 
belt; Fig. 9 is a graph showing a variation of speed in each region of the metal belt; and Fig. 10 is a view for explain- 
ing the problems of the prior art. 

5 BEST MODE FOR CARRYING OUT THE INVENTION 

[0016] The mode for carrying out the present invention will now be described by way of an embodiment of the 
present invention shown in the accompanying drawings. 

[0017] Fig.1 shows the skeleton structure of a metal belt-type continuously variable transmission T mounted on an 
io automobile. An input shaft 3 is connected to a crankshaft 1 of an engine E through a damper 2 and also connected to 
a drive shaft 5 of the metal belt-type continuously variable transmission T through a starting clutch 4. A drive pulley 6 is 
- mounted on the drive shaft 5 and includes a stationary pulley half 7 secured to the drive shaft 5, and a movable pulley 
half 8 which is movable toward and away from the stationary pulley half 7. The movable pulley half 8 is biased toward 
the stationary pulley half 7 by a hydraulic pressure applied to an oil chamber 9. 
is [0018] A driven pulley 1 1 is mounted on a driven shaft 10 disposed in parallel to the drive shaft 5, and includes a 
stationary pulley half 12 secured to the driven shaft 10, and a movable pulley half 13 which is movable toward and away 
from the stationary pulley half 12. The movable pulley half 13 is biased toward the stationary pulley half 12 by a hydrau- 
lic pressure applied to an oil chamber 14. A metal belt 15 comprising a large number of metal elements 32 supported 
on a pair of left and right metal ring assemblies 31 , 31 is wound between the drive pulley 6 and the driven pulley 1 1 (see 
20 Fig.2). Each of the metal ring assemblies 31 comprises twelve metal rings 33 laminated one on another. 

[0019] A forward drive gear 16 and a backward drive gear 17 are rotatably carried on the driven shaft 10 and are 
capable of being selectively coupled to the driven shaft 10 by a selector 18. Secured to an output shaft 19 disposed in 
parallel to the driven shaft 10 are a forward driven gear 20 meshed with the forward drive gear 16, and a backward 
driven gear 22 meshed with the backward drive gear 1 7 through a backward idle gear 21 . 
25 [0020] The rotation of the output shaft 19 is inputted to a differential 25 through a final drive gear 23 and a final 
driven gear 24 and then transmitted from the differential 25 through left and right axles 26, 26 to driven wheels W, W. 
[0021] A driving force from the engine E is transmitted through the crankshaft 1 , the damper 2, the input shaft 3, the 
starting clutch 4, the drive shaft 5, the drive pulley 6, the metal belt 15 and the driven pulley 1 1 to the driven shaft 10. 
When a forward travel range is selected, the driving force of the driven shaft 10 is transmitted through the forward drive 
30 gear 16 and the forward driven gear 20 to the output shaft 19 to move the vehicle forwards. When a backward travel 
range is selected, the driving force of the driven shaft 10 is transmitted through the backward drive gear 17, the back- 
ward idle gear 21 and the backward driven gear 22 to the output shaft 1 9 to move the vehicle backwards. 
* [0022] During this time, the shift ratio is continuously regulated by controlling the hydraulic pressures applied to the 
oil chamber 9 in the drive pulley 6 and the oil chamber 14 in the driven pulley 1 1 of the metal belt-type continuously var- 
35 iable transmission T by a hydraulic pressure control unit U 2 which is operated by a command from an electronic control 
unit U 1 . More specifically, if the hydraulic pressure applied to the oil chamber 1 4 in the driven pulley 1 1 is increased rel- 
ative to the hydraulic pressure applied to the oil chamber 9 in the drive pulley 6, a groove width of the driven pulley 1 1 
is decreased, leading to an increased effective radius. Attendant on this, a groove width of the drive pulley 6 is 
increased, leading to a decreased effective radius. Therefore, the shift ratio of the metal belt-type continuously variable 
40 transmission T is varied continuously toward "LOW". Reversely, if the hydraulic pressure applied to the oil chamber 9 in 
the drive pulley 6 is increased relative to the hydraulic pressure applied to the oil chamber 14 in the driven pulley 11, 
the groove width of the drive pulley 6 is decreased, leading to an increased effective radius. Attendant on this, the 
groove width of the driven pulley 1 1 is increased, leading to a decreased effective radius. Therefore, the shift ratio of the 
metal belt-type continuously variable transmission T is varied continuously toward "OD". 
45 [0023] As shown in Figs.2 and 3, the metal element 32 formed from a metal plate by punching includes a substan- 
tially trapezoidal element body 34, and a substantially triangular ear portion 36 connected to an upper portion of the 
element body 34 through a pair of left and right ring slots 35, 35 into which the metal ring assemblies 31 , 31 are fitted. 
A pair of pulley abutment surfaces 37, 37 are formed on left and right opposite edges of the element body 34, and are 
capable of abutting against V-surfaces of the drive pulley 6 and the driven pulley 1 1 . A pair of front and rear main sur- 
50 faces 38 and 39 perpendicular to a direction of movement and parallel to each other are formed on front and rear sides 
of the metal element 32 in the direction of movement, and a slope 41 is formed below the main surface 38 on the front 
side in the direction of movement with a laterally extending rocking edge 40 interposed therebetween. Further, a pro- 
jection 42 and a recess 43 are formed respectively on the main surface 38 on the front side in the direction of movement 
and the main surface 39 on the rear side in the direction of movement, which correspond to the ear portion 36. 
55 [0024] As can be seen from Fig.3, a center of gravity G of the metal element 32 is located radially outside the rock- 
ing edge 40 and radially inside the radially outer ends 35, , 35 1 of the ring slots 35, 35. In other words, when the speed 
of the rocking edge 40 at an instant when the metal element 32 leaves the driven pulley 1 1 is represented by Vr; the 
speed of the center of gravity G of the metal element 32 is by Vg; and the speed of the radially outer ends 35^, 35-, of 
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the ring slots 35, 35 is by Vs, a relation, Vr < Vg < Vs is established. 

[0025] As shown in Fig.4, the adjacent ones of the metal elements 32 lying in an advancing-side chord portion 
extending from the drive pulley 6 toward the driven pulley 1 1 (i.e., a chord portion capable of transmitting the driving 
force) transmit the driving force in a state in which the main surfaces 38 of the front side of the metal element 32 and 
5 the main surface 39 of the rear side of the metal element 32 are in abutment against each other, and the projection 42 
of the front side of the metal element 32 has been fitted in the recess 43 of the rear side of the metal element 32. The 
metal elements 32 wound around the drive pulley 6 and the driven pulley 1 1 are swung around the rocking edge 40 by 
releasing of the contact of the main surfaces 38 and 39 with each other, and are arranged radiately in a radial direction 
of the pulleys 6 and 11. 

10 [0026] On the other hand, a small gap is produced at an outlet side of the driven pulley 1 1 between the metal ele- 
ments 32 lying in a returning-side chord portion extending from the driven pulley 1 1 toward the drive pulley 6 (i.e., a 
chord portion incapable of transmitting the driving force). For this reason, the metal elements 32, which cannot maintain 
the attitude with the main surfaces 38 and 39 put into abutment against each other, are liable to be inclined. In this 
embodiment, however, since the speed Vg of the center of gravity G of the metal element 32 is set larger than the speed 

is Vr of the rocking edge 40 at an instant when the metal element 32 is moved away from the driven pulley 11, the metal 
element 32 leaving the driven pulley 1 1 is released to the returning-side chord portion with a kinetic energy larger than 
that of the metal element 32 lying in the returning-side chord portion. Therefore, the element 32 on the chord portion 
can be forcibly urged toward the drive pulley 6 with such vigor. As a result, the gap produced at the outlet side of the 
driven pulley 1 1 between the metal elements 32 on the returning-side chord portion is gradually decreased as 

20 approaching the drive pulley 6 and moreover, the inclined metal elements 32 are gradually risen and arranged in close 
contact with one another at the inlet side of the drive pulley 6, whereby they are meshed with the drive pulley 6 in an 
attitude free of pitching. Thus, it is possible to eliminate a problem that the wearing of the metal elements 32 and the 
drive pulley 6 is increased, and a problem that the power transmitting efficiency is reduced. 

[0027] Moreover, since the speed Vg of the center of gravity G of the metal element 32 is set smaller than the speed 
25 Vs of the radially outer ends 35 1t 35! of the ring slots 35, 35, it can be prevented that the metal element 32 leaving the 
driven pulley 1 1 has an excessive kinetic energy to generate a large moment around the metal ring assemblies 31 , 31 , 
and the falling of the metal element 32 in the pitching direction can be previously avoided, whereby the metal elements 
32 can be brought into close contact with one another and smoothly meshed with the drive pulley 6. 
[0028] Fig.5 shows a technique for regulating the position of the center of gravity G of the metal element 32. To 
30 move the center of gravity G of the metal element 32 radially outwards (upwards in Fig.5), the lower edge of the element 
body 34 may be changed to a position 34-,, and/or the upper edge of the ear portion 36 may be changed to a position 
36 v To move the center of gravity G of the metal element 32 radially inwards (downwards in Fig.5), the lower edge of 
the element body 34 may be changed to a position 34 2 , and/or the upper edge of the ear portion 36 may be changed 
to a position 36 2 . 

35 [0029] It should be noted here that in addition to the above-described relation, Vr < Vg < Vs, when the speed of radi- 
ally inner ends 35 2 , 35 2 of the ring slots 35, 35 (a saddle surface speed) is represented by Vk, if the relation Vr < Vk < 
Vg <Vs is established, further effects can be obtained, which will be described with reference to Figs.4 and 6 to 9. 
[0030] As shown in Fig.6, small vertical drags N, N act between the radially outer ends 35^ 35, and the radially 
inner ends 35 2 , 35 2 of the ring slots 35, 35 and the metal ring assemblies 31,31 even in the chord portion on which the 

40 urging force acting between the elements does not act An inner peripheral speed Va and an outer peripheral speed Vb 
of the metal ring assemblies 31,31 in the chord portion are not the same as the speed Vr of the rocking edge 40 in the 
metal element 32, and the relation is Va > Vr and Vb > Vr as will be described below. 

[0031] In the chord portion with which the metal elements 32 move in parallel, the speed Vr of the rocking edge 40 
of the metal element 32 accords with the speed Vk of the radially inner ends 35 2 , 35 2 and the speed Vs of the radially 

45 outer ends 35^ 35, of the ring slots 35, 35. Therefore, if the inner peripheral surfaces of the metal ring assemblies 31 , 
31 interfere with the radially inner ends 35 2 , 35 2 of the ring slots 35, 35, the metal element 32 having a low speed is 
driven forwards by the metal ring assemblies 31 , 31 having a high speed due to the friction force. Furthermore, if the 
outer peripheral surfaces of the metal ring assemblies 31 , 31 interfere with the radially outer ends 35, ; 35! of the ring 
slots 35, 35, the metal element 32 having a low speed is driven forwards by the metal ring assemblies 31 , 31 having a 

so high speed due to a friction force. As a result, an action for compacting the gap between the metal elements 32 occurs 
in the chord portion. 

[0032] Here, the reason why the relations, Va > Vr and Vb > Vr are established will be described below. 
[0033] In Fig.4, when the speed of the rocking edge 40 of the metal element 32 in the chord portion between the 
drive pulley 6 and the driven pulley 1 1 (the speed of a pitch line) is represented by Vr, an angular speed of the drive 
55 pulley 6 is by co DR , an angular speed of the driven pulley 1 1 by a> DN> a pitch radius of the drive pulley 6 by R DR , and a 
pitch radius of the driven pulley 1 1 by R DN , the following equations are established: 

(o DR = Vr/R DR 
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co DN =Vr/R DN 

[0034] Here, when d represents the difference between the radius of radially inner ends 35 2) 35 2 of the ring slots 
35, 35 (a radius of the saddle surface) and the pitch radii R DR , R DN , the speeds Vk 0R and Vk DN of the radially inner 
5 ends 35 2> 35 2 of the ring slots 35, 35 in the drive pulley 6 and the driven pulley 1 1 (a saddle surface speed) are given 
by the following equations, respectively: 

VK DR = ( R DR + d ) * «DR = ( R DR + d ) * <W/R DR ) 
10 Vk DN = ( R DN + d ) * «>DN = (R DN + d ) * (Vl/R DN ) 

[0035] When the shift ratio is in the "LOW" side from 1 .0, at the side of the driven pulley 11 , the radially inner ends 
35 2 , 35 2 of the ring slots 35, 35 and each layer of the metal ring 33 rotate substantially without relative slipping. There- 
fore, the inner peripheral speed Va of the metal ring assemblies 31 , 31 is substantially the same as the speed Vk DN of 
15 the radially inner ends 35 2 , 35 2 of the ring slots 35, 35 in the driven pulley 11. 

[0036] Therefore, if the difference between the inner peripheral speed Va of the metal ring assemblies 31 , 31 in the 
chord portion and the speed Vr of the rocking edge 40 is calculated, the following equation can be obtained: 

Va -Vr= Vk DN - Vr 
20 =(R D N + d)*(Vr/R DN )-Vr 

= (d/R DN )*Vr> 0 



and the inner peripheral speed Va of the metal ring assemblies 31 , 31 is larger than the speed Vr of the rocking edge 40. 
25 [0037] Further, when the shift ratio is in the "OD" side from 1 .0, at the side of the drive pulley 6, the radially inner 
ends 35 2 , 35 2 of the ring slots 35, 35 and each layer of the metal ring 33 rotate substantially without relative slipping. 
Therefore, the inner peripheral speed Va of the metal ring assemblies 31, 31 is substantially the same as the speed 
Vkop of the radially inner ends 35 2 , 35 2 of the ring slots 35, 35 in the drive pulley 6. 

[0038] Therefore, if the difference between the inner peripheral speed Va of the metal ring assemblies 31 , 31 in the 
30 chord portion and the speed Vr of the rocking edge 40 is calculated, the following equation can be obtained: 

Va - Vr= Vk DR - Vr 

= (R D R + d r(Vr/R DR )-Vr 

= (d/R DR )*Vr> 0 



and the inner peripheral speed Va of the metal ring assemblies 31,31 is larger than the speed Vr of the rocking edge 40. 
[0039] From the foregoing, the relation, Va > Vr is established in ail the shift ratios. 

[0040] On the other hand, the difference Vb - Vr between the outer peripheral speed Vb of the metal ring assem- 
40 blies 31,31 and the speed Vr of the rocking edge 40 can be obtained by defining the thickness of the metal ring assem- 
blies 31 ,31 as t and replacing d of the above theory with d + t. More specifically, when the shift ratio is in the TOW" 
side from 1 .0, at the side of the driven pulley 1 1 , the outer peripheral speed Vb of the metal ring assemblies 31 , 31 is 
substantially the same as the speed Vs DN of the radially outer ends 35 t , 2& A of the ring slots 35, 35 and hence, the fol- 
lowing equation can be obtained: 

45 

Vb- Vr= Vs DN - Vr 

= (R D N +d + t)MVr/R DN )-Vr 
= {(d + t)/R DN }*Vr>0 

50 

and the outer peripheral speed Vb of the metal ring assemblies 31,31 is larger than the speed Vr of the rocking edge 
40. 

[0041] When the shift ratio is in the "OD" side from 1 .0, at the side of the drive pulley 6, the outer peripheral speed 
Vb of the metal ring assemblies 31 , 31 is substantially the same as the speed Vs DR of the radially outer ends 35 1? 35 1 
55 of the ring slots 35, 35 and hence, the following equation can be obtained: 
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Vb - Vr = Vs DR - Vr 

= (R DR + d+t)*(Vr/R DR )-Vr 

= {(d + t)/R DR }*Vr>0 

5 

and the outer peripheral speed Vb of the metal ring assemblies 31 , 31 is larger than the speed Vr of the rocking edge 
40. 

[0042] From the foregoing, the relation, Vb > Vr is established in all the shift ratios. 

w 

Table 1 



Speed of each portion in the advancing direction of the belt (m/sec) ' 




Name of portion 


Wound portion D of DR 
pulley 


Chord portions A, C 


Wound portion B of DN 
pulley 


Vs 


Outer end of slot 


43.79 


41.66 


45.16 


Vb 


Outer periphery of ring 


43.67 


43.67 


43.67 


Va 


Inner periphery of ring 


42.30 


42.30 


42.30 


Vk 


Inner end of slot 


42.30 


41.66 


42.69 


Vr 


Rocking edge 


41.66 


41.66 


41.66 


| Vg 


Center of gravity 


42.60 


41 .66 


43.20 
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[0043] Table 1 and Fig.9 show variations in the speeds Vs, Vb, Va, Vk, Vr and Vg of respective portions of the metal 
ring 15 at each of regions A, B, C and D when the transmission is operated at the maximum output with an input torque 
of 14.4 kgf-m, an input rotational speed of 6000 rpm and a shift ratio of 0.61 using the metal belt 15 having the metal 
elements 32 of the dimension shown in Fig. 7. The definition of each of the regions A, B, C and D of the metal ring 15 
30 is shown in Fig. 8. 

[0044] As is apparent from Table 1 and Fig. 9, it can be seen that in the chord portions A and C at which the metal 
elements 32 move in parallel, the speed Vs of the radially outer ends 35-, , 35-, of the ring slots 35, 35, the speed Vk of 
the radially inner ends 35 2 , 35 2 of the ring slots 35, 35, the speed Vr of the rocking edge 40 and the speed Vg of the 
center of gravity G are the same, and that the outer and inner peripheral speeds Vb and Va of the metal ring assemblies 

35 31,31 exceed the speeds Vs, Vk, Vr and Vg of each of the portions of the metal element 32. Additionally, it can be seen 
that the speed Vg of the center of gravity G in the regions B and D where the metal elements 32 are wound around the 
driven pulley 1 1 and the drive pulley 6 exceeds the speed Vg of the center of gravity G in the chord portions A and C. 
[0045] Now, returning to the explanation of Fig.6, in the chord portion on which the urging force acting between the 
elements does not act, the frictional forces |xN, u.N (u. is a coefficient of friction) acting from the metal ring assemblies 

40 31, 31 to the metal element 32 by the vertical drags N, N act on the radially outer ends 35-, , 35 1 or radially inner ends 
35 2 , 35 2 of the ring slots 35, 35. Even when points of action of the frictional forces \iN, u,N are in either of the radially 
outer ends 35j, 35^ or the radially inner ends 35 2 , 35 2 of the ring slots 35, 35, if the center of gravity G of the metal 
element 32 is positioned between the radially outer ends 35-,, 35-, and the radially inner ends 35 2 , 35 2 of the ring slots 
35, 35, a moment, which is generated around the center of gravity G by the frictional force jliN acting on the radially outer 

45 ends 35-, , 35 1 of the ring slots 35, 35 or the frictional force u,N acting on the radially inner ends 35 2 , 35 2 can be main- 
tained to S x jiN or less where S represents the width of the ring slots 35, 35. 

[0046] If the center of gravity G deviates from the range between the radially outer ends 35-,, 35! and the radially 
inner ends 35 2 , 35 2 of the ring slots 35, 35, a relatively large moment exceeding S x u,N acts around the center of gravity 
G, whereby a possibility arises that the behavior of the metal element 32 might be unstable in the chord portion on 

50 which the urging force acting between the elements does not act. Therefore, in order to stabilize the behavior of the 
metal element 32 in the chord portion, it is required that the relation, Vk < Vg < Vs should be established at least at an 
instant when the metal element 32 leaves the driven pulley 11 , by positioning the center of gravity G of the metal ele- 
ment 32 between the radially outer ends 35-,, 35 t and the radially inner ends 35 2 , 35 2 of the ring slots 35, 35. 
[0047] Further, as is described in "PROBLEM TO BE SOLVED BYTHE INVENTION", it is required that the relation, 

55 Vr < Vg should be established between the speed Vr of the rocking edge 40 and the speed Vg of the center of gravity 
G at an instant when the metal element 32 leaves the driven pulley 11, and that the relation Vr < Vk should be estab- 
lished between the speed Vr of the rocking edge 40 and the speed Vk of the radially inner ends 35 2 , 35 2 of the ring slots 
35, 35 in a general design of the metal belt 15. Considering them, it is required that the relation, Vr < Vk < Vg < Vs 
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should finally be established. If the relation, Vr < Vk < Vg < Vs is established, even when the action for compacting the 
gap between the metal elements 32 occurs in the chord portion extending from the driven pulley 1 1 toward the drive 
pulley 6, it is possible to maintain the pitching moment for falling the metal element 32 to the minimum and to smoothly 
bring the metal elements 32 in close contact with each other. 
5 [0048] Although the embodiment of the present invention has been described in detail, it will be understood that the 
present invention is not limited to the above-described embodiment, and various modifications in design may be made 
without departing from the subject matter of the invention. 

Claims 

10 

1 . A belt for a continuously variable transmission, 

comprising a large number of metal elements (32) supported on metal ring assemblies (31) each of which is com- 
prised of a plurality of endless metal rings (33) laminated one on another, said belt being wound around a drive pul- 
ley (6) and a driven pulley (1 1) to transmit a driving force between both of said pulleys (6 and 11), 

15 

characterized in that said metal elements (32) include ring slots (35) for supporting said metal ring assemblies 
(31), and are pitchably in abutment against one another with a rocking edge (40) interposed therebetween, and 
the following relation is established: 

20 Vr < Vg < Vs 

wherein, at an instant when said metal element (32) leaves said driven pulley (11), Vr represents a speed of 
the said rocking edge (40); Vg represents a speed of the center of gravity (G) of said metal element (32); and 
Vs represents a speed of a radially outer end (35-0 of said ring slot (35). 

25 

2. A belt for a continuously variable transmission according to claim 1 , wherein the following relation is established: 

Vr < Vk < Vg < Vs 

30 when Vk represents the speed of a radially inner end (35 2 ) of said ring slot (35) of said metal element (32). 
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FIG.3 
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FIG.5 
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FIG.7 



VS OUTER END OF SLOT 
Vb OUTER PERIPHERY— 
OF RING 



31 

Vg CENTER OF GRAVITY 

Va «NNER PERIPHERY 
OF RING 



Vk INNER END OF SLOT 
Vr ROCKING EDGE 



0.2mm 



-2.2mm 




1 mm 



15 

BNSDOCID: <EP 1 069343A 1 J > 



EP 1 069 343 A1 



00 




16 

BNSDOCID: <EP 1069343A1_I_> 



EP 1 069 343 A1 



CD 
CD 

LL. 









"Vb 






£>- 


> 

CO 


< 


D 


| DN 


GO I 

>! 




j Ofl 
j > 

!£ 




> 


f > 




C 


c 








|> 






1 00 

l> C 
j > 


> 

CO 

> 


< 


C 


DR 




oo J 

>i 


!_Q 

j> 


> 


-i 


Vk,Va 
Vr 




C 

ir 








1 


j> 


—1. 


1 
1 

1 




r, 


h 

C 
1 


• 



SPEED OF DIRECTION OF MOVEMENT (m/sec) 



BNSDOClD:<EP 1069343A1J > 



17 



EP 1 069 343 A1 



FIG.10 

(PRIOR ART) 



32 




8NSDOCID: <EP 1069343A1_L> 



EP 1 069 343 A1 



INTERNATIONAL SEARCH REPORT J International application No. 

PCT/JP99/01110 



A. CLASSIFICATION OF SUBJECT MATTER 

Int. CI 6 F16G5/16 
Aooording to International Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification sjBtem followed by da 
Int .CI F16G5/16, F16H9/00-9/26 



sificatioa symbols) 



Dacumenution searched other than minimum documentation to the extent that such documents are included in the fields searched 
Jitsuyo Shinan Kbho 1926-1996 Toroku Jitauyo Shinan Roho 1994-1996 

Kokai Jitsuyo Shinan Koho 1971-1999 Jitsuyo Shinan Iteroku Koho 1996-1999 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



JP, 5-240309, A (Mltsuboshi Belting Ltd.), 
17 September, 1993 (17. 09. 93) (Family s none) 
Page 4 , left column, lines 21 to 42 ; the point defining 
the upper limit and the lower limit of the center 
position of weight 

2-225840, A (Van Doornes Transoissie B.V.), 
7 September, 1990 (07. 09. 99) 
4 EP, Al, 377918 



Relevant to darm No, 



1, 2 



1, 2 



Z) F ^her documents are listed in the continuation of Box C Q See patent family annex. 



Special categories of cited documcn*: 
docamridaGmaglaea)Beeral state of the ait which is not 
co e ai dcred to be of particular t ale— no 
IT earlier docomcol but published on or after the intermtjoenl filing dale 
L tkiuimrai wtiicii ray throw doabts cm priority daintfi) or wtoch U 
died locttabtiah the pubikaooa date of another a to boo or other 
special rcasoo fas specified) 
° oocomem referring to an oral dimiamrc. uk, exhibition or other 



T dooimeoi pafefcjfaed prior to rhe international fiaat dale bat later than 
the priority dale daimed 



~T later documcat published after fee iatcnatbooaJ fiJia* date cr priority 

date and not la conflict witfc the application bat cited to tuafantfaad 

the prtoefcte <* theory udcrtris& *bc invxatkai 
'XT documewi of particular relevance; the ctaimed toveatioa cannot be 

confederal novel or cannot be considered to involve an tnvcobvc step 

when the document ts taken atone 
"V doo aa ie nt of particular retevaacg the dabned inventica caaaot be 

cop ai dor a d to invoke ma inventive amp «4u> the < 

ooojbinod wilb ooe or more other sectJ t 

being obviooa to a person skilled m the art 
'St' document cnembcr of the mrnc pmUnl family 



Date of the actual completion of the intematiwul search 
2 July, 1999 (02, 07. 99) 



Date of mailing of the international search report 

13 July, 1999 (13. 07. 99) 



Name and mailing address of the ISA/ 

Japanese Patent Office 

Facsimile No. 



Authorized officer 



Telephone No. 



Form PCT/ISA/210 (sccood sheet) (July 1992) 



19 

BNSDOCID: <EP 1069343A1J > 



